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
2UGHUGLVRUGHUPRUSKRORJLHVLQUDSLGO\VROLGLILHG1L*HLQWHUPHWDOOLF
1DILVXO+DTXH$QGUHZ00XOOLV
6FKRRORI&KHPLFDO	3URFHVV(QJLQHHULQJ8QLYHUVLW\RI/HHGV/HHGV/6-78.
'HSDUWPHQWRI0HWDOOXUJLFDO(QJLQHHULQJ1('8(78QLYHUVLW\5RDG.DUDFKL3DNLVWDQ 
D&RUUHVSRQGLQJDXWKRUHQJUQDILV#JPDLOFRP$00XOOLV#OHHGVDFXN
.H\ZRUGVUDSLGVROLGLILFDWLRQLQWHUPHWDOOLFFRPSRXQGPLFURVWUXFWXUHDQGRUGHUGLVRUGHU
$EVWUDFW
&RQJUXHQWO\ PHOWLQJ LQWHUPHWDOOLF VLQJOHSKDVH 1L*H 7P   & KDV EHHQ UDSLGO\
VROLGLILHGYLDGURSWXEHSURFHVVLQJZKHUHLQSRZGHUVZLWKGLDPHWHUVEHWZHHQtWR
PPZLWKHTXLYDOHQWFRROLQJUDWHVRIWR!.VZHUHSURGXFHG6L[GRPLQDQW
VROLGLILFDWLRQ PRUSKRORJLHV ZHUH LGHQWLILHG ZLWK LQFUHDVLQJ FRROLQJ UDWH H[SOLFLWO\ L
VSKHUXOLWHV LLPL[HGVSKHUXOLWHV	GHQGULWHV LLLGHQGULWHVRUWKRJRQDO LYGHQGULWHV
QRQRUWKRJRQDO Y UHFU\VWDOOL]HG DQG YL GHQGULWLF VHDZHHG DUH REVHUYHG LPEHGGHG
ZLWKLQ D IHDWXUHOHVV PDWUL[ 6HOHFWHG DUHD GLIIUDFWLRQ 6$' LQ WKH WUDQVPLVVLRQ HOHFWURQ
PLFURVFRSH 7(0 DQDO\VLV FRQILUPHG WKDW LW LV RQO\ WKH VSKHUXOLWH PLFURVWUXFWXUH WKDW LV
SDUWLDOO\RUGHUHGDPRQJVWWKHDERYHOLVWHGPLFURVWUXFWXUHVZKLFKDUHGLVRUGHUHG+RZHYHU
6$' DQDO\VLV LQGLFDWHG WKDW WKH IHDWXUHOHVV EDFNJURXQG PDWHULDO RI DOO DERYH
PLFURVWUXFWXUHVLVFKHPLFDOO\RUGHUHG7KHUPDODQDO\VLVLQGLFDWHVDQRQUHYHUVLEOHUHDFWLRQ
,QWURGXFWLRQ
'HQGULWHV DUH RQHRI WKH PRVW FRPPRQ PRUSKRORJLHV REVHUYHGGXULQJ WKH VROLGLILFDWLRQRI
PHWDOOLFPDWHULDOV,QFRQWUDVWVSKHUXOLWHVDOWKRXJKFRPPRQLQSRO\PHUVDUHUDUHLQPHWDOV
SDUWLFXODUO\ GXULQJ VLQJOHSKDVH VROLGLILFDWLRQ ,Q SRO\PHUV VSKHUXOLWHV DUH PRVW FRPPRQ
GXULQJ WKH FU\VWDOOL]DWLRQ RI KLJK PROHFXODU ZHLJKW PHOWV ZKHUH WRSRORJLFDO FRQVWUDLQWV
UHVWULFW WKH UHRULHQWDWLRQ RI ORQJ FKDLQ PROHFXOHV  >@ 7KLV EDVLF SK\VLFV ZDV XVHG E\
*UDQDV\ et al >@ WR FRQVWUXFW D SKDVHILHOG PRGHO RI VSKHUXOLWH JURZWK WKH IXQGDPHQWDO
LQJUHGLHQW RI ZKLFK ZDV WKDW WUDQVODWLRQDO GLIIXVLRQ ZDV VLJQLILFDQWO\ HDVLHU WKDQ URWDWLRQDO
GLIIXVLRQ
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
'HVSLWH WKLV VSKHUXOLWHV DUH NQRZQ WR RFFXU LQ VRPH VLPSOH V\VWHPV ZKHUH URWDWLRQDO
GLIIXVLRQZRXOGQRWQRUPDOO\EHFRQVLGHUHGWREHUHVWULFWHG2QHVXFKH[DPSOHLVHOHPHQWDO
VHOHQLXP DOWKRXJK WKH IRUPDWLRQ RI VSKHUXOLWHV KDV EHHQ PRUH FRPPRQO\ UHSRUWHG LQ WKH
FRXUVH RI GHYLWULILFDWLRQ RI DPRUSKRXV PHWDOV ZKHQ KHOG DERYH WKH JODVV WUDQVLWLRQ
WHPSHUDWXUH 0HWDOOLF JODVV V\VWHPV LQ ZKLFK VSKHUXOLWHV KDYH EHHQ REVHUYHG XSRQ
GHYLWULILFDWLRQLQFOXGH1L3>@)H6L%>@=U&X$O>@DQG=U&X1L$O1E>@,QD
ODVHUSURFHVVLQJVWXG\RQWKH=U&X1L$O1EV\VWHP>@IRXQGWKDWVSKHUXOLWHVIRUPDW WKH
VDPH FRPSRVLWLRQ DV WKH DPRUSKRXV PDWUL[ FRQFOXGLQJ WKDW XQGHU VXFK FRQGLWLRQV WKH
IRUPDWLRQRIVSKHUXOLWHVZDVDJURZWKGRPLQDWHGSURFHVV
6RPHFRPPRQUHTXLUHPHQWVIRUWKHIRUPDWLRQRIVSKHUXOLWHVDUHNQRZQGHVSLWHGLVDJUHHPHQW
UHJDUGLQJWKHIRUPDWLRQPHFKDQLVPIRUWKHLUJURZWK2QHUHTXLUHPHQWLVDGLVSRVLWLRQWRQRQ
FU\VWDOORJUDSKLFRULHQWDWLRQVE\PHDQVRIVPDOODQJOHEUDQFKLQJ>@$QRWKHUUHTXLUHPHQWLV
WKDWDKLJKYLVFRVLW\VKRXOGH[LVWLQWKHPHGLXPLQZKLFKFU\VWDOOL]DWLRQRFFXUV0RUVHet al
>@ VKRZHG WKH LPSRUWDQFH RI WKLV VHFRQG UHTXLUHPHQW E\ H[DPLQLQJ WKH FU\VWDOOL]DWLRQ
EHKDYLRURIDSSUR[LPDWHO\VHYHQW\LQRUJDQLFVDOWV LQPHGLDRIYDU\LQJYLVFRVLW\ 7KLVKLJK
YLVFRVLW\ RI WKH FU\VWDOOL]LQJ PHGLD SUHVXPDEO\ DFFRXQWV IRU ZK\ VSKHUXOLWHV DUH UHODWLYHO\
FRPPRQGXULQJWKHFU\VWDOOL]DWLRQRIDPRUSKRXVPHWDOV
,QWKLVSDSHUZHZLOOH[SORUHWKHUHODWLYHO\XQFRPPRQSKHQRPHQRQRIVSKHUXOLWHIRUPDWLRQ
GXULQJFU\VWDOOL]DWLRQIURPDPHWDOOLFPHOW7KHSDUWLFXODUV\VWHPZHZLOOLQYHVWLJDWHLQWKLV
UHVSHFW LV WKH LQWHUPHWDOOLF FRPSRXQGE1L*H8QGHU HTXLOLEULXP VROLGLILFDWLRQ FRQGLWLRQV
E1L*H ZLOO VROLGLI\ ZLWK WKH RUGHUHG / FU\VWDO VWUXFWXUH DW DOO WHPSHUDWXUHV EHORZ WKH
OLTXLGXV +RZHYHU LW KDV EHHQ VKRZQ WKDW IRU XQGHUFRROLQJV LQ H[FHVV RI  .
FRUUHVSRQGLQJWRDFULWLFDOJURZWKYHORFLW\RIPVFRPSOHWHGLVRUGHU WUDSSLQJRFFXUV
>@
0RUHRYHUQRWRQO\FDQȕ1L*HEHPDGH WRFU\VWDOL]H WRDVSKHUXOLWLFPRUSKRORJ\EXWE\
FKDQJLQJWKHVROLGLILFDWLRQFRQGLWLRQVWKHVSKHUXOLWLFPRUSKRORJ\ZLOOWUDQVIRUPLQWRGLIIHUHQW
PLFURVWUXFWXUHVQDPHO\PL[HGVSKHUXOLWHV	GHQGULWHVGHQGULWHVRUWKRJRQDOGHQGULWHVQRQ
RUWKRJRQDO UHFU\VWDOOL]HG DQG GHQGULWLF VHDZHHG $V VXFK E1L*H LV DQ LQWHUHVWLQJ
FRPSRXQG LQ ZKLFK WR VWXG\ WKH IXQGDPHQWDO G\QDPLFV RI PLFURVWUXFWXUH IRUPDWLRQ LQ D
VLQJOHSKDVHPDWHULDO'XHWRWKHLPSRUWDQFHRIRUGHUGLVRUGHUUHDFWLRQVLQWKHIRUPDWLRQRI
PLFURVWUXFWXUHLQȕ1L*HZHDOVRSHUIRUPHG'LIIHUHQWLDOVFDQQLQJFDORULPHWU\'6&RQWKH
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
UDSLGO\ VROLGLILHGPDWHULDO LQ RUGHU WR LGHQWLI\ZKHWKHU WKHRUGHULQJ UHDFWLRQJLYLQJ ULVH WR
VSKHUXOLWHIRUPDWLRQLVUHYHUVLEOHRULUUHYHUVLEOH

([SHULPHQWDO0HWKRGV
&RQJUXHQWO\ PHOWLQJ VLQJOH SKDVH ȕ1L*H  WR  DW  *H >@ ZDV PDGH E\ DUF
PHOW 7R YHULI\ WKDW WKH ILQDO FRPSRXQG LV KRPRJHQRXV WKH SURFHVV RI DUFPHOWLQJ ZDV
SHUIRUPHG WLPHV$Q;UD\GLIIUDFWLRQ ;5'ZLWKD3$1DO\WLFDO;SHUW3URZDVXVHG WR
FRQILUPWKHSKDVHFRPSRVLWLRQRIWKHLQJRWWKXVIRUPHG5DSLGVROLGLILFDWLRQSURFHVVLQJZDV
XQGHUWDNHQXVLQJWKH/HHGVPGURSWXEH>@
7KH DUFPHOW LQJRW J LQPDVVZDV ORDGHG LQWR DQ DOXPLQD FUXFLEOHZLWK WKUHHP
ODVHUGULOOHGKROHVLQWKHEDVH,QGXFWLRQKHDWLQJZDVXVHGWRPHOW WKHVDPSOHZLWKHIILFLHQW
5)FRXSOLQJEHLQJDFKLHYHGE\XVLQJDJUDSKLWHVXVFHSWRU2QFHWKHGHVLUHGWHPSHUDWXUHRI
.q&HTXLYDOHQWWR.VXSHUKHDWZDVDFKLHYHGWKHFUXFLEOHZDVSUHVVXUL]HG
WRN3DZKHUHLQDVSUD\RIILQHGURSOHWVLVSURGXFHG7KHVHVROLGLI\LQIUHHIDOOGRZQWKH
WXEH ZKLFK LV PDLQWDLQHG DW D SUHVVXUH RI  N3D ,Q ERWK FDVHV WKH JDV XVHG ZDV GULHG
R[\JHQIUHH17KHGURSWXEHPHWKRGLVH[SODLQHGLQGHWDLOLQ>@
7KH1L*HGURSWXEHSRZGHUVZHUHSUHSDUHG IRU DQDO\VLVE\PRXQWLQJJULQGLQJSROLVKLQJ
DQGHWFKLQJ)LUVW WKHVLHYLQJLQWRSDUWLFOHVL]HUDQJHVRI WKHSRZGHUVZDVSHUIRUPHG7KLV
ZDVGRQHE\XWLOL]LQJQLQHZLUHPHVKVWDFNLQJVLHYHVWKDWKDYHDSHUWXUHVWKDWGHFUHDVHIURPt
ȝP.VWRdȝP!.V2QFHORDGHGZLWKSRZGHUWKHHQWLUHVWDFN
ZDVDFWLYHO\DJLWDWHGIRUPLQXWHV7KHPHWKRGRORJ\IRUWKHHVWLPDWLRQRIVDPSOHFRROLQJ
UDWHLVRXWOLQHGLQ>@7KHPRXQWLQJRIWKHSRZGHULQD7UDQV2SWLFUHVLQIROORZHGIURP
LWVUHPRYDOIURPWKHVLHYHV
;5' DQDO\VLV ZDV XVHG WR FRQILUP WKDW WKH GURSWXEH SRZGHUV UHPDLQHG VLQJOHSKDVH
IROORZLQJ UDSLG VROLGLILFDWLRQ SURFHVVLQJ 6XEVHTXHQW WR ;5' DQDO\VLV WKH\ ZHUH PRXQWHG
DQG SROLVKHG WR D  PP VXUIDFH ILQLVK IRU PLFURVWUXFWXUDO DQDO\VLV $IWHU KDYLQJ EHHQ
SROLVKHG WKH HWFKLQJ RI WKH VDPSOHV RFFXUUHG ZLWK DQ HTXLPRODU PL[WXUH RI K\GURIOXRULF
K\GURFKORULFDQGQLWULFDFLGV,QRUGHUWRREWDLQWKHPLFURVWUXFWXUHRIWKHGURSOHWVH[SRVHGE\
WKH HWFKLQJ VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0 LPDJLQJ ZDV XWLOL]HG XVLQJ D &DUO =HLVV
(920$6(0(';OLQHVFDQVXVLQJD;0D[2[IRUGLQVWUXPHQW(QHUJ\'LVSHUVLYH;5D\
('; GHWHFWRU RQ WKH 6(0 ZHUH XVHG WR LQYHVWLJDWH DQ\ FKHPLFDO YDULDWLRQ DFURVV WKH
PLFURVWUXFWXUDOIHDWXUHVREVHUYHGDIWHUHWFKLQJ7KHUPDODQDO\VLVZDVXVHGWRGHWHUPLQHWKH
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
UHRUGHULQJ WUDQVLWLRQ WHPSHUDWXUH LQ WKH1L*HFRPSRXQGZLWK WKH WHPSHUDWXUH VFDQ UDQJH
EHLQJIURPURRPWHPSHUDWXUHWRÛ&DW.PLQKHDWLQJFRROLQJUDWHLQ1JDV

5HVXOWV
,Q)LJXUH LW LV VKRZQ WKDW;5'SHDNV IURPDOOGURSWXEHVDPSOHVPD\EH LQGH[HG WRE
1L*H YLD WKH ,&&' SDWWHUQ  :KHQ $KPDG HW DO >@ GHHSO\ XQGHUFRROHG D
VLPLODUPDWHULDO XVLQJ DPHOW IOX[LQJ WHFKQLTXH WKH UHVXOWDQWPDWHULDO DOVR UHPDLQHG VLQJOH
SKDVH 7KH ;5' UHVXOWV KHUH VKRZ WKDW WKH VDPH LV YDOLG IRU UDSLG FRROLQJ YLD GURSWXEH
SURFHVVLQJ1RWHWKDWKHUHDQGWKURXJKRXWWKHSDSHUZHXVHWKHGHVLJQDWLRQEWRUHIHUWRWKH
FKHPLFDO SKDVH 1L*H LUUHVSHFWLYH RI ZKHWKHU WKLV LV IXOO\ RUGHUHG / FRPSOHWHO\
GLVRUGHUHG$IFFRUKDVVRPHLQWHUPHGLDWHGHJUHHRISDUWLDOFKHPLFDORUGHULQJ

)LJXUH;5'UHVXOWVRIDQDUFPHOWHGEODFNDQGUDSLGO\VROLGLILHGVDPSOHVUDQJHVIURP
t PPWRPP LQGLFDWLQJZLWKGLIIHUHQW FRORXU UHVSHFWLYHO\9HUWLFDOEODFN OLQHV
LQGLFDWHSHDNVSRVLWLRQIRUWKHVLQJOHSKDVHȕ1L*HUHIHUHQFHSDWWHUQDQGGLIIHUHQWFRORXUV
UHSUHVHQWV;5'SDWWHUQVRISDUWLFOHVL]HVIURPtPPWRPP

('; DQDO\VLV ZDV FDUULHG RXW RQ IUHVKO\ SROLVKHG VDPSOHV WR HQVXUH WKH FKHPLFDO
FRPSRVLWLRQ RI WKH DOO GURSWXEH VDPSOHV )RU WKLV ('; DUHD VFDQQLQJ ZDV UDQGRPO\
SHUIRUPHGDWOHDVWRQSDUWLFOHVRIDOOUDQJHVRIGURSWXEHVDPSOHVtPPWRPP
ZLWK WKHPHDVXUHGFKHPLFDO FRPSRVLWLRQVEHLQJZLWKLQ WKH1L*HKRPRJHQHLW\ UDQJH1L±
       
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DUFPHOWHG
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
DW*HDVVKRZQLQ)LJXUH&RQVHTXHQWO\DOOUDQJHVRIGURSWXEHSDUWLFOHVFRQVLVWV
RI DQ DYHUDJH FKHPLFDO FRPSRVLWLRQ ZLWKLQ WKH UDQJH RI VLQJOH SKDVH FRQJUXHQWO\ PHOWLQJ
FRPSRXQGȕ1L*H>@

)LJXUH$QDYHUDJHGRXW(';FRQFHQWUDWLRQVRI1LDQG*H1LDW*HGURSWXEH
VDPSOHV
6(0ZDVXVHG IRU VWXG\LQJPLFURVWUXFWXUHVRI WKH UDSLGO\ VROLGLILHG1L*HGURSOHWV7KHUH
ZHUH VL[ W\SLFDOPLFURVWUXFWXUHV REVHUYHG QDPHO\ D6SKHUXOLWHV EPL[HG VSKHUXOLWHV	
GHQGULWHV F GHQGULWHV  RUWKRJRQDO G GHQGULWHV  QRQRUWKRJRQDO H FUDFNOLNH
UHFU\VWDOOL]HG DQG I GHQGULWLF VHDZHHG DOO RI ZKLFK ZHUH REVHUYHG HPEHGGHG ZLWKLQ D
IHDWXUHOHVVPDWUL[7\SLFDOH[DPSOHVRIWKHVHPLFURVWUXFWXUHVFDQEHVHHQIURPWKH)LJXUHV
)LJXUHD LVD W\SLFDO6(0LPDJH IURP WKHtPPVL]H IUDFWLRQ ,QZKDW LVRWKHUZLVHD
IHDWXUHOHVV PDWUL[ D QXPEHU RI VSKHUXOLWH OLNH VWUXFWXUHV ZKLFK FKDUDFWHULVWLFDOO\ KDYH
GLDPHWHUVZLWKLQPDUHHYLGHQW7KHVHIHDWXUHVDSSHDUWREHRPQLSUHVHQWLQWKHGURS
WXEHSRZGHUV LQ WKLV VL]H IUDFWLRQ7KLV LV DOVR WKH FDVH LQ WKHP VL]H IUDFWLRQ LQ
ZKLFK WKH VSKHUXOLWH OLNH VWUXFWXUHV DUH VPDOOHU ZLWK W\SLFDO GLDPHWHUV RI d  P
6SKHUXOLWLF VWUXFWXUHV DUH DOVR REVHUYHG LQ WKH VL]H UDQJH  P +RZHYHU WKHVH DUH
QRZ FKDUDFWHULVWLFDOO\ d P LQ GLDPHWHU )RU WKH  P DQG  P VL]H
IUDFWLRQVGHQGULWHVDQGVSKHUXOLWHVDUHREVHUYHGWRFRH[LVW)LJXUHEZLWKWKHSURSRUWLRQ
RIGHQGULWHVLQFUHDVLQJLQWKHSRZGHUVIURPWKHVPDOOHUVLHYHIUDFWLRQ
!         
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'URSWXEHSDUWLFOHVGLDPHWHUPP
1L1LDW*H
3DJHRI

:LWKIXUWKHUUHGXFWLRQVLQWKHVL]HRIWKHSRZGHUPVSKHUXOLWHVFHDVHWREHVHHQ
LQWKHPLFURVWUXFWXUHRIWKHHWFKHGGURSOHWVZLWKGHQGULWHVRUWKRJRQDOEHFRPHWKHGRPLQDQW
VWUXFWXUH)LJXUHFVKRZVH[DPSOHVRIWKLV:KHQWKHVL]HRIWKHVDPSOHGHFUHDVHVWRP
GHQGULWHVDUHVWLOOWKHGRPLQDQWPRUSKRORJ\HYLGHQWLQWKHSRZGHUVDOWKRXJKQRZWKHVHWHQG
WRGLVSOD\QRQRUWKRJRQDOVLGHEUDQFKLQJ)LJXUHG:LWKD\HWIXUWKHUUHGXFWLRQLQGURSOHW
VL]HWR±ȝPQXPHURXVFUDFNOLNHIHDWXUHVDUHDSSDUHQWDVVKRZQLQ)LJXUHH7KHVH
IHDWXUHV DUH QRW KRZHYHU FUDFNV DV WKLV PRUSKRORJ\ LV QRW REVHUYHG SULRU WR HWFKLQJ ,W LV
VKRZQLQ>@WKDWWKHFUDFNOLNHUHOLHILVLQGLFDWLYHRIDUHFU\VWDOOL]DWLRQ
)LQDOO\LQWKHWZRVPDOOHVWVL]HIUDFWLRQV±ȝPDQGdȝP\HWDQRWKHUVWUXFWXUHLV
REVHUYHGZKLFKPLJKWEHGHILQHDEHLQJµGHQVHEUDQFKHGIUDFWDO¶RUµGHQGULWLFVHDZHHG¶ LQ
QDWXUHDQH[DPSOHRIZKLFKFDQEHVHHQLQWKH)LJXUHI

)LJXUH  6(0 PLFURJUDSK RI K\GURIOXRULF +) HWFKHG 1L*H GURSWXEH VDPSOHV D
6SKHUXOLWHV E PL[HG VSKHUXOLWHV 	 GHQGULWHV F GHQGULWHV ± RUWKRJRQDO G GHQGULWHV 
QRQRUWKRJRQDO H FUDFNOLNH UHFU\VWDOOL]HG DQG I GHQGULWLF VHDZHHG DUH REVHUYHG
LPEHGGHGZLWKLQDIHDWXUHOHVVPDWUL[
3DJHRI

7KHPLFURVWUXFWXUHVREVHUYHGLQE1L*HSRZGHUVDUHUHPDUNDEOHIRUDQXPEHURIUHDVRQV
 6SKHUXOLWHVDUHH[WUHPHO\UDUHLQPHWDOOLFV\VWHPVDQGDVIDUDVZHDUHDZDUHKDYH
QHYHUEHHQUHSRUWHGLQLQWHUPHWDOOLFV
 ,W LV KLJKO\ XQXVXDO WR REWDLQ VXFK VWURQJ GLIIHUHQWLDO HWFKLQJ LQ D VLQJOHSKDVH
PDWHULDO LHZKDWKDVFDXVHGVRPHUHJLRQV WRHWFKDQGRWKHUQRW WRGRVR(';DUHDDQG
OLQHVFDQPHDVXUHPHQWVFRQILUPWKDWWKLVLVQRWFKHPLFDOVHJUHJDWLRQERWKUHJLRQVVKRZQLQ
)LJXUHDKDYLQJQRGHWHFWDEOHFKHPLFDOLQKRPRJHQHLW\
 ,W LV XQXVXDO LQ D IXOO\FU\VWDOOLQHPDWHULDO WR VHH VXFKFOHDUO\GHOLQHDWHG VWUXFWXUHV
1RUPDOO\ LQ IRU LQVWDQFH D GHQGULWLF VWUXFWXUH WKH LQWHUJURZWK RI GLIIHUHQWO\ RULHQWHG
FU\VWDOVUHVXOWVLQDFRPSOH[DVVROLGLILHGPLFURVWUXFWXUH+HUHDSSDUHQWO\LVRODWHGFU\VWDOV
KDYHJURZQ6XFKVWUXFWXUHVDUHFRPPRQLQDPRUSKRXVFU\VWDOOLQHFRPSRVLWHVEXWKLJKO\
XQXVXDOLQIXOO\FU\VWDOOLQHPDWHULDOVDOWKRXJKWKH;5'SDWWHUQVIRUWKHGURSWXEHSRZGHUV
VKRZQRHYLGHQFH IRUDPRUSKRXVPDWHULDO LQDQ\VL]H IUDFWLRQ ,Q IDFWZHKDYHVKRZQ LQ
>@ WKDW WKH FRQWUDVW DULVHV GXH WR GLVRUGHU WUDSSLQJ GXULQJ WKH UHFDOHVFHQFH SKDVH RI
VROLGLILFDWLRQ
'6& DQDO\VLV ZDV XQGHUWDNHQ RQ WKH UDSLGO\ VROLGLILHG 1L*H VSKHUXOLWH VDPSOHV ZLWK
KHDWLQJ UDWH  . PLQ LQ RUGHU WR LGHQWLI\ DQ\ UHRUGHULQJ WUDQVLWLRQV LQ WKLV V\VWHP DUH
ZKHWKHU WKH\ DUH UHYHUVLEOH RU LUUHYHUVLEOH 7KH UHVXOWV RI WKLV H[SHULPHQW DUH JLYHQ LQ WKH
)LJXUHZLWKWKH'6&WUDFHIURPWKHILUVWDQGVHFRQGKHDWLQJFRROLQJF\FOHLQGLFDWHGE\JUHHQ	
SXUSOHDUURZVUHVSHFWLYHO\7ZRYHUWLFDOEODFNOLQHVLQGLFDWHSRWHQWLDOWUDQVLWLRQWHPSHUDWXUHVDW
WR&:HQRWHWKDWWKHUHLVJHQHUDOO\DFORVHFRUUHVSRQGHQFHEHWZHHQWKHFXUYHVIRUWKH
ILUVW DQG VHFRQG F\FOHV IRU ERWK KHDWLQJ DQG FRROLQJ 7KLV LV LQGLFDWLYH RI ORZ GULIW LQ WKH
LQVWUXPHQWEHWZHHQF\FOHVJLYLQJXVFRQILGHQFHLQWKHUHVXOWVDQGLQGLFDWHVWKDWWKHPDWHULDO
KDV WKH VDPH KHDW FDSDFLW\ LQ F\FOH  DV LQ F\FOH  ZKHUHE\ WKH PDWHULDO UHPDLQV 1L*H
7KHUHDUHWZRVPDOOH[RWKHUPLFGRZQZDUGSHDNVDW WKH LQGLFDWHG WHPSHUDWXUHVGXULQJWKH
ILUVW KHDWLQJ F\FOH ZKLFK ZRXOG EH FRQVLVWHQW ZLWK UHRUGHULQJ RI WKH SDUWLDOO\ GLVRUGHUHG
PDWHULDOGXHWRGLVRUGHUWUDSSLQJGXULQJUDSLGVROLGLILFDWLRQ$VWKHVHDSSHDURQO\GXULQJWKH
ILUVW KHDWLQJ F\FOH WKLV UHDFWLRQ DSSHDUV LUUHYHUVLEOH ZKLFK LV FRQVLVWHQW ZLWK WKH RUGHUHG
YDULDQWEHLQJPRUHVWDEOHWKDQWKHGLVRUGHUHGIRUPDWDOOWHPSHUDWXUHVEHORZWKHOLTXLGXV7KH
RUGHULQJUHDFWLRQLVGLVFXVVHGLQPRUHGHWDLOODWHU
'LVFXVVLRQ
3DJHRI

$ UHOLDEOH GHVFULSWLRQ RI WKH VROLGLILFDWLRQ G\QDPLFV RI 1L*H FDQ EH DVVHPEOHG IURP WKH
6(07(0>@DQG;5'GDWD,WLVFOHDUWKDWDOOVDPSOHVDUHVLQJOHSKDVHE1L*H
ZLWK DOO ;5' SHDNV EHLQJ PDWFKHG WR ,&&' SDWWHUQ  :H SRVWXODWH WKDW WKH
UDSLGO\VROLGLILHGPDWHULDOIRUPHGGXULQJUHFDOHVFHQFHJURZVDVWKHGLVRUGHUHGYDULDQWRIWKH
PDWHULDO ZKLOH GXULQJ VORZHU JURZWK LQ WKH SRVWUHFDOHVFHQFH SKDVH RI VROLGLILFDWLRQ WKH
RUGHUHGYDULDQWLVIRUPHG'XULQJHWFKLQJWKHGLVRUGHUHGPDWHULDOLVSUHIHUHQWLDOO\DWWDFNHG
UHYHDOLQJWKHUHFDOHVFHQFHVROLGLILFDWLRQPRUSKRORJ\ZKLFKLVGHSHQGLQJXSRQFRROLQJUDWH
YDULRXVO\VSKHUXOLWLFGHQGULWLFUHFU\VWDOOL]HGRUGHQGULWLFVHDZHHG7KHPRUHXVXDOO\IRXQG
FKHPLFDOO\RUGHUHGYDULDQW LV WKH µIHDWXUHOHVV¶PDWUL[PDWHULDOZKLFKDSSHDU WR UHVLVW HYHQ
WKHYHU\DJJUHVVLYHHWFKDQWXVHGKHUH7KLVLVFRQVLVWHQWZLWKWKHFKHPLFDOO\UHVLVWDQWQDWXUH
RI LQWHUPHWDOOLF FRPSRXQGV 7KH UHVXOWV DUH LQ OLQH ZLWK 7(0 UHVXOWV 7KHVH VKRZ WKDW
VXSHUODWWLFH VSRWV DUH IRXQG LQ WKH PDWHULDO RI µIHDWXUHOHVV¶ PDWUL[ +RZHYHU WKH\ DUH QRW
REVHUYHGLQWKHRUWKRJRQDOGHQGULWHVWKHQRQRUWKRJRQDOGHQGULWHVRUWKHGHQGULWLFVHDZHHG

)LJXUH'6&WUDFHIURPD1L*HLQWHUPHWDOOLFFRPSRXQGILUVWDQGVHFRQGKHDWLQJFRROLQJF\FOH
LQGLFDWHGE\JUHHQ	SXUSOHDUURZFRUUHVSRQGLQJO\

)RUWKHVSKHUXOLWHPRUSKRORJ\WKH7(0HYLGHQFHLVWKDWWKHµIHDWXUHOHVV¶PDWUL[LVDVSHUWKH
RWKHU PRUSKRORJLHV IXOO\ RUGHUHG EXW WKH VSKHUXOLWHV WKHPVHOYHV DUH RQO\ SDUWLDOO\
GLVRUGHUHG FRQVLVWLQJ RI DOWHUQDWLQJ ILODPHQWV RI RUGHUHG DQG GLVRUGHUHG PDWHULDO 7KH
UHODWLRQVKLS EHWZHHQ XQGHUFRROLQJ DQG FKHPLFDO RUGHULQJ ZDV H[SORUHG LQ GHWDLO IRU WKH
3DJHRI

1L*HFRPSRXQGE\$KPDGet al>@ZLWKLWEHLQJGHWHUPLQHGWKHIXOO\GLVRUGHUHGJURZWK
RFFXUUHG IRU'7 !  . WKLV EHLQJ HYLGHQW E\ D UDSLG LQFUHDVH LQ JURZWK YHORFLW\ ZLWK
XQGHUFRROLQJDERYH'7 .8QIRUWXQDWHO\GLUHFWPHDVXUHPHQWRIXQGHUFRROLQJGXULQJ
GURSWXEH SURFHVVLQJ LV QRW SRVVLEOH DOWKRXJK LW ZRXOG EH H[SHFWHG WKDW VPDOOHU GURSOHWV
ZRXOGH[SHULHQFHKLJKHUXQGHUFRROLQJERWKEHFDXVHRIWKHLUKLJKHUFRROLQJUDWHDQGEHFDXVH
RIWKHPHOWVXEGLYLVLRQHIIHFW7KHVHHIIHFWVKDYHEHHQTXDQWLILHGE\:DQJ	:HL>@IRU
GURSWXEHSURFHVVHGPHOWVDQGWKHLUPRGHOHVWLPDWHVWKDWWKHGURSOHWVL]HUHTXLUHGWRDWWDLQD
FULWLFDO XQGHUFRROLQJ RI '7 !  . LV d   PP 7KLV LV KRZHYHU D PD[LPXP
XQGHUFRROLQJ WKDW ZRXOG EH H[SHFWHG LQ VXFK VL]HG GURSOHWV ZLWK WKH VWRFKDVWLF QDWXUH RI
QXFOHDWLRQPHDQLQJWKDWVRPHGURSOHWVRIWKLVGLDPHWHUZLOOXQGHUFRROE\PXFKOHVV
7KLV PRGHO WRJHWKHU ZLWK WKH REVHUYDWLRQV RI $KPDG et al >@ DOORZ IRU D FRQVLVWHQW
H[SODQDWLRQRIWKHREVHUYHGVSKHUXOLWHGHQGULWHWUDQVLWLRQREVHUYHGLQWKHGURSWXEHVDPSOHV
)RU GURSOHWV LQ WKH VL]H UDQJH PP WKH XQGHUFRROLQJ DFKLHYHG LV   . DQG WKH
JURZWK GXULQJ WKH UHFDOHVFHQFH SKDVH RI VROLGLILFDWLRQ LV WR D SDUWLDOO\ GLVRUGHUHG PL[HG
RUGHUHGGLVRUGHUHG VSKHUXOLWH PRUSKRORJ\ 7KLV LV DOVR LQ OLQH ZLWK WKH ILQGLQJ WKDW ZLWK
GHFUHDVLQJ SDUWLFOH VL]H LQFUHDVLQJ XQGHUFRROLQJ WKH YROXPH IUDFWLRQ RI VSKHUXOLWHV
LQFUHDVHV )RU VPDOOHU GURSOHWV LQ WKH VL]H UDQJH  PP VRPH GURSOHWV DFKLHYH DQ
XQGHUFRROLQJDERYH.VRPHGRQRWDQGPL[HGGHQGULWHVSKHUXOLWHPRUSKRORJLHVPD\EH
REVHUYHG 6XFK PL[HG PRUSKRORJLHV PD\ DOVR EH REVHUYHG LQ VLQJOH GURSOHWV LI WKH LQLWLDO
XQGHUFRROLQJ ZHUH RQO\ PDUJLQDOO\ DERYH  . DV ZDUPLQJ RI WKH GURSOHW GXULQJ
UHFDOHVFHQFHZLOO ORZHU WKHXQGHUFRROLQJ)LQDOO\ IRUGURSOHWVZLWKdPP IRUZKLFK
WKHPRGHORI:DQJ	:HL>@SUHGLFWVDPD[LPXPXQGHUFRROLQJRI.ZHSURSRVHWKDW
YLUWXDOO\DOOGURSOHWVDFKLHYHDQXQGHUFRROLQJRIDWOHDVW.DQGVSKHUXOLWHPRUSKRORJLHV
FHDVHWREHREVHUYHG
7KH GRPLQDQFH RI VSKHUXOLWH JURZWK DW ORZ XQGHUFRROLQJ LV SUREDEO\ UHODWHG WR WKH VORZ
NLQHWLFDOO\OLPLWHGJURZWKRIWKHRUGHUHGSKDVH7KHRFFXUUHQFHRIVSKHUXOLWHVLQGHYLWULILHG
PHWDOOLFJODVVV\VWHPVLVLQVWUXFWLYH7KHSULQFLSDOGLIIHUHQFHEHWZHHQFU\VWDOOL]DWLRQIURPWKH
PHOW DQG FU\VWDOOL]DWLRQ IURP D PHWDOOLF JODVV SUHFXUVRU LV WKDW LQ D PHWDOOLF JODVV WKH
YLVFRVLW\LVPXFKKLJKHUDQGFRQVHTXHQWO\WKHDWRPLFGLIIXVLYLW\LVPXFKORZHU$VDUHVXOW
GLIIXVLRQ LQ D JODVV LV JHQHUDOO\ UHVWULFWHG WR VKRUW UDQJH VXFK WKDW WKH DWRP UHDUUDQJHPHQW
RFFXUVZLWKRXWEXONVROXWHUHGLVWULEXWLRQ,QWXUQWKLVPHDQVWKDWWKHJURZWKUDWHLVOLPLWHGE\
NLQHWLFVUDWKHUWKDQE\GLIIXVLRQ$QLVRWURSLFPDWHULDOXQGHUSXUHNLQHWLFDOO\OLPLWHGJURZWK
ZRXOGJURZDVDVSKHUH>@+RZHYHUFU\VWDOOLQHDQLVRWURS\ZLWKLQWKHJURZLQJVSKHUHZLOO
3DJHRI

IDYRUFHUWDLQFU\VWDORULHQWDWLRQVJLYLQJULVHWRWKHILQHQHHGOHVSKHUXOLWHPRUSKRORJ\,QWKH
JURZWKRIE1L*HIURPLWVSDUHQWPHOWDVLPLODUFRQGLWLRQRFFXUV7KHUHLVQRQHHGIRUORQJ
UDQJHVROXWHPRELOLW\E\GLIIXVLRQVLQFHWKHFRPSRXQGLVFRQJUXHQWO\PHOWLQJ7KLVLVLQOLQH
ZLWK(';PHDVXUHPHQWV7KHVHVKRZWKDWZLWKLQH[SHULPHQWDOXQFHUWDLQW\VSKHUXOLWLFDQG
GHQGULWLFFKHPLFDOFRPSRVLWLRQLVWKHVDPHDVWKDWRIWKHVXUURXQGLQJPDWUL[PDWHULDO
2QFH IXOO\ GLVRUGHUHG JURZWK LV DFKLHYHG DW KLJKHU XQGHUFRROLQJ WKHUH LV D VZLWFK WR D
GHQGULWLFPRUSKRORJ\DVJURZWKRIWKHGLVRUGHUHGVROLGLVUDWHOLPLWHGE\GLIIXVLRQUDWKHUWKDQ
NLQHWLFV :LWKGHFUHDVLQJGURSOHW VL]H LQFUHDVHRI WKHXQGHUFRROLQJ WKHVHDUHREVHUYHG WR
VZLWFK IURP KDYLQJ RUWKRJRQDO WR QRQRUWKRJRQDO VLGHEUDQFKLQJ ,Q D FXELF V\VWHP WKLV LV
FKDUDFWHULVWLF RI D VZLWFK LQ WKH SULPDU\ JURZWK GLUHFWLRQ 7\SLFDOO\ FXELF V\VWHPV JURZ
DORQJ WKH!GLUHFWLRQV DW HTXLOLEULXPZLWK D VZLWFK WR HLWKHU!RU!JURZWK
EHLQJQRWHGDWHOHYDWHGXQGHUFRROLQJLQDQXPEHURIV\VWHPV>@$VLPLODUFKDQJHKDVEHHQ
REVHUYHGDVSUHFXUVRUWRWKHWUDQVLWLRQWRWKHGHQGULWLFVHDZHHGPRUSKRORJ\>@
)URPWKHGLVFXVVLRQDERYHLWLVFOHDUWKDWFKHPLFDORUGHULQJDQGGLVRUGHUWUDSSLQJDWHOHYDWHG
JURZWKYHORFLW\SOD\DNH\UROHLQWKHIRUPDWLRQRIWKHREVHUYHGPLFURVWUXFWXUHV+HDWLQJLQ
WKH'6&FDQEHXVHGWRLQLWLDWHUHRUGHULQJRIWKHQRQHTXLOLEULXPGLVRUGHUHGVWUXFWXUHZLWK
WKH'6&UHVXOWVVXJJHVWLQJVXFKDWUDQVLWLRQPLJKWRFFXUEHWZHHQWR&%DVHGRQ
WKHWKHUPRG\QDPLFDVVHVVPHQWRIWKH1L*HV\VWHPJLYHQE\-LQet al>@ZHHVWLPDWHWKH
HQWKDOS\RIIRUPDWLRQIRUWKHRUGHUHGE1L*HVROLGIURPWKHGLVRUGHUHGVROLGWREH'H 
-PRO-NJ$FFRUGLQJO\WKHVLJQDOGHWHFWHGDW&EHLQJRIWKHRUGHURI
P:IURPDW\SLFDOPJ'6&VDPSOHORRNVWREHRIDSSURSULDWHPDJQLWXGHJLYHQWKDWWKH
VDPSOH ZLOO RQO\ EH SDUWLDOO\ GLVRUGHUHG DOO RI WKH µIHDWXUHOHVV¶ PDWUL[ LV DVVXPHG IXOO\
RUGHUHG0RUHRYHUWKLVUHVXOWDOVRLQGLFDWHGWKDWWKHUHDFWLRQLVQRQUHYHUVLEOHLHWKHUHLVD
WUDQVIRUPDWLRQ XSRQ WKH ILUVW KHDWLQJ F\FOH JUHHQ DUURZ ZKLFK LV QRW UHSOLFDWHG RQ WKH
VHFRQGKHDWLQJF\FOHSXUSOHDUURZ7KHPRVWOLNHO\H[SODQDWLRQIRUWKLVLVWKDWWKHSDUWLDOO\
GLVRUGHUHG PDWHULDO KDV XQGHUJRQH RUGHULQJ DW HOHYDWHG WHPSHUDWXUH 2QFH RUGHUHG LW WKHQ
UHPDLQVRUGHUHG7KLVGLIIHUVIURPVD\WKH1L*HLQWHUPHWDOOLFLQWKHVDPHV\VWHPLQZKLFK
WKHUPDODQDO\VLVLQGLFDWHGDUHYHUVLEOHUHDFWLRQXSRQUHKHDWLQJFRROLQJ>@
6XPPDU\	FRQFOXVLRQ
7KHFRQJUXHQWO\PHOWLQJVLQJOHSKDVHLQWHUPHWDOOLFFRPSRXQGȕ1L*HZDVVXEMHFWWRUDSLG
VROLGLILFDWLRQ YLD GURSWXEH SURFHVVLQJ )ROORZLQJ GURSWXEH SURFHVVLQJ WKH PDWHULDO
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